R ecent years have seen several studies providing important national and international epidemiologic data on the frequency, associated factors, and even costs of sepsis (1) (2) (3) (4) (5) (6) (7) . Angus and coworkers (1) analyzed Ͼ6 million hospital discharge records from seven states in the United States and estimated that 751,000 cases of severe sepsis occur annually in the United States, with a mortality rate of 28.6% and leading to average costs per case of $22,100. Using the National Hospital Discharge Survey database, Martin et al. (2) identified 10,319,418 cases of sepsis from an estimated 750 million hospitalizations in the United States over a 22-yr period, with an increase in frequency from 82.7 cases per 100,000 population in 1979 to 240.4 cases per 100,000 population in 2000. Alberti and colleagues (3) examined 14,364 patients in six European countries and Canada with Ͼ4,500 documented infectious episodes and reported a hospital mortality rate of 16.9% for noninfected patients and 53.6% for patients who had repeated courses of infection while in the intensive care unit (ICU).
The European Prevalence of Infection in intensive Care (EPIC) study (8) , now Ͼ10 yrs old, demonstrated how international collaboration can succeed in providing valuable information regarding disease prevalence and demographics of critically ill patients. In that prevalence Objective: To better define the incidence of sepsis and the characteristics of critically ill patients in European intensive care units.
Design: Cohort, multiple-center, observational study. Setting: One hundred and ninety-eight intensive care units in 24 European countries.
Patients: All new adult admissions to a participating intensive care unit between May 1 and 15, 2002.
Interventions: None.
Measurements and Main Results:
Demographic data, comorbid diseases, and clinical and laboratory data were collected prospectively. Patients were followed up until death, until hospital discharge, or for 60 days. Of 3,147 adult patients, with a median age of 64 yrs, 1,177 (37.4%) had sepsis; 777 (24.7%) of these patients had sepsis on admission. In patients with sepsis, the lung was the most common site of infection (68%), followed by the abdomen (22%). Cultures were positive in 60% of the patients with sepsis. The most common organisms were Staphylococcus aureus (30%, including 14% methicillin-resistant), Pseudomonas species (14%), and Escherichia coli (13%). Pseudomonas species was the only microorganism independently associated with increased mortality rates. Patients with sepsis had more severe organ dysfunction, longer intensive care unit and hospital lengths of stay, and higher mortality rate than patients without sepsis. In patients with sepsis, age, positive fluid balance, septic shock, cancer, and medical admission were the important prognostic variables for intensive care unit mortality. There was considerable variation between countries, with a strong correlation between the frequency of sepsis and the intensive care unit mortality rates in each of these countries. study, data were collected on all patients present in the participating ICUs on a single day. For the present Sepsis Occurrence in Acutely Ill Patients (SOAP) study, we collected a large amount of data on all patients admitted to the ICU during a 2-wk period, to identify the frequency of sepsis in European ICUs and identify various etiological, diagnostic, therapeutic, and prognostic factors in this population.
Conclusions: This large pan-European study documents the high frequency of sepsis in critically ill

METHODS
Study Design. The SOAP study was a prospective, multiple-center, observational study, designed to evaluate the epidemiology of sepsis and other characteristics of ICU patients in European countries, and was endorsed by the European Society of Intensive Care Medicine. Institutional recruitment for participation was by open invitation and was voluntary, with no financial incentive. Since this observational study required no deviation from routine medical practice, institutional review board approval was either waived or expedited in participating institutions and informed consent was not required. All adult patients (Ͼ15 yrs) newly admitted to the ICU of a participating center (see the Appendix for a list of participating countries and centers) between May 1 and May 15, 2002, were included. Patients were followed up until death, until hospital discharge, or for 60 days. Those who stayed in the ICU for Ͻ24 hrs for routine postoperative observation were excluded. Patients who were readmitted and had been included on their first admission were not included for a second time.
Definitions. Infection was defined as the presence of a pathogenic microorganism in a sterile milieu (such as blood, abscess fluid, cerebrospinal fluid, or ascitic fluid) and/or clinically suspected infection, plus the administration of antibiotics (Fig. 1) . Sepsis was defined according to the American College of Chest Physicians/Society of Critical Care Medicine consensus conference definitions by infection plus two systemic inflammatory response syndrome criteria (9) . Severe sepsis was defined by sepsis plus at least one organ failure, except when that organ failure was already present 48 hrs before the onset of sepsis. Organ failure was defined as a Sequential Organ Failure Assessment (SOFA) score Ͼ2 for the organ in question (10) . ICUacquired sepsis was defined as sepsis identified Ն48 hrs after ICU admission. Non-ICUacquired sepsis was defined as sepsis present on admission or within 48 hrs of ICU admission. Surgical admissions were defined as surgery within 2 wks preceding admission. Emergency surgery was defined as a nonscheduled operation within 24 hrs of the onset of symptoms or injury. Patients were also classified according to their primary cause of admission into cardiovascular, respiratory, renal, central nervous system, gastrointestinal, hematologic, and hepatic diagnoses. Considered comorbidities included the presence of insulindependent diabetes mellitus, chronic obstructive pulmonary disease, hematologic malignancy, solid malignancy, cirrhosis, heart failure class III or IV according to the New York Heart association definitions, and the presence of human immunodeficiency virus infection.
Data Collection and Management. Data were collected prospectively using preprinted case report forms. Detailed instructions, explaining the aim of the study, instructions for data collection, and definitions for various items were available for all participants at www.intensive.org before starting data collection and throughout the study period. The steering committee was easily accessible to the investigators and processed all queries during data collection.
Data collection on admission included demographic data and comorbid diseases. Clinical and laboratory data for the Simplified Acute Physiology Score (SAPS) II (11) were reported as the worst value within 24 hrs after admission. Microbiological and clinical infectious data were reported daily as well as the antibiotics administered. Daily fluid balance was calculated as the total fluid balance over the ICU stay divided by the ICU length of stay. Cumulative fluid balance within the first 72 hrs of onset of sepsis was also calculated. A daily evaluation of organ function that was based on a set of laboratory and clinical variables according to the SOFA score (10) was performed, with the most abnormal value for each of the six organ systems (i.e., respiratory, renal, cardiovascular, hepatic, coagulation, and neurologic) being collected on admission and every 24 hrs thereafter. For single missing values, a replacement was calculated using the mean value of the results on either side of the absent result (10) . When first or last values were missing, the nearest value was carried backward or forward, respectively. When more than one consecutive result was missing, it was considered to be a missing value in the analysis. Missing data represented Ͻ6% of the collected data, of which only 2% were replaced.
Data were entered centrally by medical personnel using the SPSS version 11.0 for Windows (SPSS, Chicago, IL) . A sample of 5% of data were reentered by a different encoder and revised by a third one; a consistency of Ͼ99.5% per variable and 98.5% per patient was observed during the whole process of data entry. In cases of inconsistency, data were verified and corrected. Daily frequency tables were revised for all variables, and the investigators were queried when data values were either questionable or missing for required fields.
Statistical Methods. Data were analyzed using SPSS 11.0 for Windows (SPSS, Chicago, IL). Descriptive statistics were computed for all study variables. Difference testing between groups was performed using the two-tailed t-test, Mann-Whitney U test, chi-square test, and Fisher's exact test as appropriate. A forward stepwise logistic regression multivariate analysis with the ICU outcome as the dependent factor in patients with sepsis was conducted. Variables considered for the multivariate modeling included the country of origin, demographic data, comorbidities, SAPS II score on admission, site of infection, type of microorganism, organ failure as assessed by the SOFA score on the first day of sepsis, the maximum number of concomitant organ failures, mean SOFA score during the ICU stay, invasive procedures at the onset of sepsis, onset of infection (in days), type of sepsis (ICUacquired sepsis and sepsis on admission), cumulative fluid balance within the first 72 hrs of the onset of infection, and daily fluid balance. Age, severity scores, and fluid balance were included as continuous variables. Only variables associated with a higher risk of ICU mortality (p Ͻ .2) on a univariate basis were modeled. The "country" effect was included in the last step of the model as a categorical variable with reference to the country with the lowest mortality in sepsis patients (Germany was chosen due to the small sample size in Switzerland.) All variables included in the model were tested for collinearity. A strong collinearity was identified between the initial and the mean SOFA score (R 2 ϭ .76), the initial SAPS II score, and the maximum number of concomitant organ failures (R 2 ϭ .71) and between the cumulative fluid balance within the first 72 hrs of the onset of sepsis and the daily fluid balance (R 2 ϭ .74). These variables were injected separately into the model and were all statistically significant. We used the initial SOFA score, the cumulative fluid balance within the first 72 hrs, and the SAPS II score in the final modeling as we judged them to be more relevant clinically. Interactions involving combinations between comorbid diseases on admission, between sites of infection, and between major classes of microorganisms were tested. Nagelkerke pseudo R 2 classification tables and odds ratios (OR) (95% CI) were computed. The probability of ICU mortality was calculated based on the final model, and the area under the receiver operating characteristic curve was computed. None of the tested interactions were relevant and were, therefore, not considered in the final model. The final model correctly classified 76.9% of cases with adequate performance (Nagelkerke pseudo R 2 ϭ .27; area under the receiver operating characteristic curve, 0.7; 95% confidence interval [CI], 0.67-0.73). Hosmer and Lemeshow test confirmed the goodness of fit (chi-square ϭ 8.8, p ϭ .362) of the model. Linear regression analysis was done to evaluate the correlation between ICU mortality and the frequency of sepsis in all countries. All statistics were two-tailed, and a p Ͻ .05 was considered to be significant.
RESULTS
A total of 3,147 patients were enrolled; participating countries are shown in Table 1. The median patient age was 64 yrs (mean Ϯ SD, 60.5 Ϯ 17.4), and 62% of patients were male. Medical admissions accounted for 56% of admissions, elective surgery for 25%, and emergency surgery for 19% (Table 2 ). Cardiovascular diagnoses accounted for 32% of admissions, respiratory for 19%, and neurologic for 16%. The most frequent source of admission was the emergency room and/or ambulance (32%); only 12% of patients were referred from another hospital. The median length of ICU stay was 3 days (interquartile range, 2-7 days; mean Ϯ SD, 6.5 Ϯ 9.2 days).
Frequency, Distribution, and Patterns of Sepsis. Overall, 64% of patients received antibiotics at one time or another during the ICU stay. A total of 1,177 (37%) patients had identified infection. Of these, 454 (38.6%) had a suspected clinical infection with identification of pathogens, 468 (39.8%) had clinical infection without identification of pathogens, and 255 (21.7%) had one or more isolated pathogens but without evident clinical infection. There was no difference in ICU mortality between the three groups (29%, 26%, and 25%, respectively). Isolation of microorganisms (n ϭ 196) or clinical suspicion of infection (n ϭ 49), without administration of antibiotics, was not considered as infection (colonization or contamination, Fig. 1 ).
The lung was the most common site of infection (68%), followed by the abdomen (22%), blood (20%), and urinary tract (14%). Cultures were positive in 60% of the patients with sepsis. Gram-positive organisms were isolated from 40% of patients, Gram-negative from 38%, and fungi from 17%; 18% of infections were mixed. Methicillin-resistant Staphylococcus aureus was isolated from 14% of cultures, and Pseudomonas species (14%) and Escherichia coli (13%) were the most common Gram-negative organisms. Candida albicans was thought to be involved in 13% of infections. Patients with ICUacquired sepsis (n ϭ 279) had a higher incidence of mixed infections (23 vs. 16%, p Ͻ .01) compared with those with non-ICU-acquired sepsis (n ϭ 898, Table  3 ). Sepsis in surgical admissions was characterized by a higher frequency of Gram-positive infections (namely Streptococcus D group) and E. coli compared with medical admissions (Table 3) .
There was considerable variation in the rates of sepsis and severe sepsis according to country ( Table 1 ). The rate of sepsis ranged from 18% (Switzerland, n ϭ 114) to 73% (Portugal, n ϭ 69) and that of severe sepsis from 10% (Switzerland, n ϭ 114) to 64% (Portugal, n ϭ 69). The mean SAPS II score in patients with sepsis ranged from 38.3 Ϯ 17.0 (Spain, n ϭ 202) to 47.1 Ϯ 20.2 (Greece, n ϭ 109).
Patients with sepsis (n ϭ 1177) had 209 (7) 29 (14) 51 (24) (4) 9 (8) 16 (14) 20 (18) greater SAPS II and SOFA scores, underwent more invasive procedures, and had a greater cumulative fluid balance (Table 2) compared with those without sepsis (n ϭ 1970). Sepsis was present on admission in 777 patients (66%), developed on the second day of admission in 121 patients (10.3%), and was acquired during the ICU stay in 279 patients (23.7%). Patients with ICU-acquired sepsis were more likely to be male (67.8 vs. 61%, p ϭ .002), and the site of infection was more commonly respiratory (79.6 vs. 63.7%, p Ͻ .001), catheter-related (13.6 vs. 8.1, p ϭ .006), urinary (17.9 vs. 12.1%, p ϭ .014), and less commonly abdominal (10.8 vs. 25.9%, p Ͻ .001) compared with patients who had non-ICU-acquired sepsis (Table  4) .
Mortality and Organ Failure. The overall ICU and hospital mortality rates were 18.5 and 24.1%, respectively. The ICU mortality ranged from 8% in Switzerland (n ϭ 114) to 35% in Portugal (n ϭ 69) and the hospital mortality from 14% (Switzerland) to 41% (Portugal). The ICU mortality in patients with sepsis was as low as 10% in Switzerland and up to 35% in Italy (n ϭ 237), and the hospital mortality ranged from 20% in Germany (n ϭ 332) to 47% in the Netherlands (n ϭ 144). There was a correlation between the ICU mortality rate for all patients and the sepsis rate in the various countries (Fig. 2) . The ICU mortality rate in patients with sepsis was greater than in those without sepsis (27 vs. 14%, p Ͻ 0.001). The ICU mortality rate of patients with severe sepsis was 32.2% and 54.1% in those with septic shock. ICU mortality was 27% in patients with sepsis on admission, 20% in patients who developed sepsis on day 2 of admission, and 28% in patients with ICU-acquired sepsis (n ϭ 279, p ϭ .562).
Organ failure occurred in 2,244 patients (71%), of whom 1,809 patients (81%) had organ failure on ICU admission. Sepsis was present in 41% (n ϭ 930) of episodes of organ failure. Of 1, 970 patients who never had sepsis (no sepsis) during the ICU stay, 1,225 patients (62%) had at least one episode of organ failure (Table 5) .
There was a direct relationship between the number of organs failing and the ICU mortality. Figure 3 shows the frequency of organ failure and the corresponding ICU mortality rates; patients with no organ dysfunction on admission had ICU mortality rates of 6% whereas those with four or more organ failures had mortality rates of 65%. 481 (15) 266 (13) 215 (18)** Hemofiltration, n (%) 211 (7) 61 (3) 150 (13)** Hemodialysis, n (%)
141 (5) 62 (3) 79 (7) (19) 270 (14) 313 (27)** Hospital mortality, n (%) j 747 (24) 334 (17) 413 (36) h first 72 hrs after admission in the no sepsis group and after the onset of sepsis in sepsis patients; i 1 missing; j 44 missing (32 with no sepsis and 13 with sepsis); **p Ͻ .05 compared with patients with no sepsis.
Predictors of Mortality in Sepsis Patients.
By univariate analysis, Staphylococcus (especially methicillin-resistant S. aureus), Pseudomonas species, and C. albicans were associated with a higher mortality and Streptococcus pneumoniae with a lower ICU mortality rate (Table 6 ). Other factors included female gender (OR, 1.4; 95% CI, 1.1-1.8; p ϭ .013); older age (OR, 1.0 per year; 95% CI, 1.0 -1.0, p Ͻ .001); comorbid diseases on admission; hematologic cancer (OR, 2.8; 95% CI, 1.6 -5.0; p Ͻ .001), cirrhosis (OR, 2.1; 95% CI, 1.2-3.7; p ϭ .01), medical admissions (OR, 1.4; 95% CI, 1.1-1.9; p ϭ .007); admission SAPS II score (OR, 1.1 per point increase; 95% CI, 1.1-1.1; p Ͻ .001); SOFA score at the onset of sepsis (OR, 1.2 per point increase; 95% CI, 1.2-1.2; p Ͻ .001); the occurrence of septic shock (OR, 5.5; 95% CI, 4.5-7.9; p Ͻ .001); invasive procedures at the onset of sepsis: the use of pulmonary artery catheter (OR, 2.6; 95% CI, 1.9 -3.5; p Ͻ .001), invasive mechanical ventilation (OR, 7.0; 95% CI, 4.1-12.0; p Ͻ .001), or hemodialysis (OR, 1.9; 95% CI, 1.2-3.0; p ϭ .009); cumulative fluid balance within the first 72 hrs of onset of sepsis (OR, 1.1 per liter increase; 95% CI, 1.1-1.1; p Ͻ .001) and daily fluid balance (OR, 1.8 per liter increase; 95% CI, 1.6 -2.0; p Ͻ .001); the maximum number of concomitant organ failures (OR, 2.9 per one organ failure increase; 95% CI, 2.5-3.3; p Ͻ .001); the mean SOFA score (OR, 1.6 per point increase; 95% CI, 1.5-1.6; p Ͻ .001), abdominal infections (OR, 1.4; 95% CI, 1.1-1.9; p Ͻ .001); and primary bloodstream infections (OR, 2.0; 95% CI, 1.4 -2.6; p Ͻ .001). Other factors associated with a trend toward higher mortality included heart failure (p ϭ .187) and diabetes mellitus (p ϭ .117) on admission, sepsis on admission (p ϭ .092) and ICU-acquired sepsis (p ϭ .091) with reference to sepsis on the first day of admission, and respiratory tract infection (p ϭ .093).
All the preceding variables from the univariate analysis were modeled in the multivariate analysis, and variables retained in the final multivariate model, and hence associated with increased mortality in sepsis patients, included SAPS II score on admission, the cumulative fluid balance within the first 72 hrs of the onset of sepsis, age, SOFA score at the onset of sepsis, bloodstream infection, cirrhosis, Pseudomonas species infection, and medical admissions (Table 7) . Country effect was not retained in the final model as it was not statistically significant. (18) 158 (18) 53 (19) 104 (20) 107 ( (11) 90 (10) 33 (12) 77 (15) 46 (7) c Streptococcus pneumoniae
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DISCUSSION
This observational study documents the high frequency of sepsis in European ICUs, with Ͼ35% of patients having sepsis at some point during their ICU stay, and the high mortality rates, with 27% of patients with sepsis dying in the ICU, rising to Ͼ50% in patients with septic shock. Interestingly, all patients with infection fulfilled the criteria for systemic inflammatory response syndrome, reflecting the lack of specificity of these criteria. We report higher rates of severe sepsis than in some other recent studies; for example, the Episepsis study in France reported that 15% of patients had severe sepsis (6) , and a UK study reported a rate of 27% (4). However, unlike the present SOAP study, these studies included patients admitted for routine postoperative surveillance who are likely to have lower rates of complications. Alberti et al. (3) reported the incidence of severe sepsis in a population of 14,364 patients; excluding those patients admitted for routine postoperative monitoring, the authors reported a frequency of severe sepsis of 34% (3,608 of 10,620) , similar to the 30% reported in the current study. We defined severe sepsis as the presence of sepsis associated with organ failure, which could limit interpretation of these data as we did not specifically determine that the organ failure was due to sepsis, but other large epidemiologic sepsis studies have used similar definitions (1, 2, 5) .
The large number of patients receiving antibiotics (64%) is striking, especially when one considers that patients admitted for routine surveillance after surgical operations (who may have received prophylaxis) were not included. Data on antibiotic use in the general ICU population are rare, but in the EPIC study 10 yrs ago, of 10,038 patients screened for ICU-acquired infection, 6,250 (62.3%) received antibiotics during the ICU stay (8) . These numbers are remarkably similar, confirming that antibiotics remain widely used in the ICU.
As in other studies, microbial isolates were obtained in only 60% of patients with sepsis, a figure comparable to the 60 -70% reported in other studies (12) . The cultures showed an equal frequency of Gram-positive and Gram-negative organisms, largely due to the high rate of staphylococcal infections. Eighteen percent of infections were polymicrobial, at the lower end of the 16 -55% range quoted in other recent studies (3, 8, (13) (14) (15) . The lung was the most common site of infection, as in other recent reports (1, 6 -8, 13, 14) . Alberti et al. (14) reported that the lung contributed to 62% of infections, with intra-abdominal infections contributing to 15% of infections. Likewise, Angus et al. (1) reported that the lung was the site of infection for 44% of patients with severe sepsis with abdominal infections involved in only 9%. Some earlier studies reported a higher incidence of abdominal infection, with BrunBuisson et al. (16) noting abdominal infection in 32% of 1,052 patients with microbiologically documented infection; however, the lung still contributed to 40% of infections.
Several factors were associated with an increased mortality in the patients with sepsis by multivariate analysis. That the degree of organ dysfunction, patient age, and cirrhosis are associated with a worse outcome is perhaps not surprising, but mean fluid balance is a noteworthy and new finding. Indeed, the fluid balance is often not reported in sepsis studies. Of course, positive fluid balance may be just a marker of the severity of sepsis, but here a multivariate analysis suggested that it is more than just an indicator of severity and is an independent predictor of outcome. Previous studies noted that a positive fluid balance was an independent predictor of mortality in ICU patients with pulmonary edema (17) , but in patients with sepsis, only one pilot, retrospective study of 36 patients with septic shock has reported any effect of fluid balance: Alsous et al. (18) noted that Ն1 day of negative fluid balance (Յ Ϫ500 mL) achieved by the third day of treatment was a good predictor of survival in patients with septic shock. The finding from our study raises the hypothesis that reducing fluid balance may result in better outcomes from sepsis, and this needs further investigation. The importance of Pseudomonas infection as a predictor of outcome is also interesting. Although it has been identified as an important prognostic indicator in other studies (13) , here it was the only microorganism associated with a greater mortality rate by multivariate analysis. There was a clear association between the frequency of sepsis and overall mortality rate in the various countries. Such associations do not necessarily mean a cause-and-effect relationship but underline the higher mortality rates in patients with sepsis and again can be important in the design of and data analysis from clinical trials. In the EPIC study (8), we found a similar relationship for ICU-acquired infections. However, the slope of the relationship was quite different, suggesting that ICU-acquired infections are associated with higher mortality rates than non-ICU-acquired infections.
Our study has limitations. Participation was on a voluntary basis, and it is impossible to evaluate whether the relative contributions of academic and nonacademic centers reflect reality or are truly representative of European ICUs as a whole. In addition, there was no data monitoring. The study was also conducted over a single period (May 1-15) , and the incidence of sepsis may vary with the calendar seasons; the importance of this is difficult to assess, as there are few data on seasonal differences in the incidence of sepsis.
Nevertheless, observational studies such as this have important applications in evaluating etiological, diagnostic, therapeutic, and prognostic issues in selected and specific patient populations. Other epidemiologic studies have used various study designs. Angus et al. (1) , Weycker et al. (5) , and Martin et al. (2) extracted data retrospectively from cases identified as having had sepsis using the International Classification of Diseases, Ninth Revision, Clinical Modification codes. Such data extraction is relatively imprecise. Other studies had much less data (3, 6) . Here we report the results from a vast European study reflecting the situation at a According to univariate logistic regression analysis with ICU outcome as the dependent factor in patients with sepsis (n ϭ 1177). a much broader international level. In the EPIC study (8) , we used a 1-day point prevalence design. Here, we prospectively followed all patients admitted in a 2-wk period, achieving a much larger database. The results from this study provide valuable information about the European ICU patient and stress the continuing importance of sepsis in the ICU.
